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FOREWORD 
This volume is the fourth of a series of Radiological Defense Manuals 

issued by the Armed Forces Special Weapons Project for training purposes in 
the Department of Defense. The objective of Volume IT7 is to present certain 
phases of the radiological instrumentation program in such form as to assist 
defense personnel in preparing themselves for the complex detection problem 
which must be faced during atomic warfare. 

It is anticipated 
that research a r d  development now under way will make many of the in- 
struments herein described obsolete within a period of 18 months. 

The volume combines with the description of specific instruments a basic 
consideration of the mechanism of radiation detection and an indication of 
possible operational use, so that field personnel may be given a comprehensive 
picture of the role to  be played by radiological instrumentation during atomic 
warfare. 

Aspects of the program are presented as seen today. 

K. D. NICHOLS 
Major  General, USA 
Chief, Armed Forces Special Weapons Project 

. JANUARY 1950 
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Chapter 1 

INTRODUCTION 
The development of the atomic bomb and the peutic use. radium radiographic and therapeutic 

possible development of radiological warfare use, isotope research and therapeutic use, cosmic 
agents require that future military plans contain a rav research. and investigations with high energy 
certain emphasis on radiological defense. Instru- accelerators. Military instruments in general 
ments are a basic requirement in any such defense require, in addition, an ability to withstand rough 
plan, since nature has not equipped man with usage under extreme weather, temperature, and 
senses capable of responding to nuclear radiations. geographic conditions. They should also be made 
Irreparable damage may be produced in high as simple rind foolproof as is possible within the 
intensity fields which cannot be recognized with- limits ol  their detecting requirement. 
out the use of suitable instruments. The field of radiological instrumentation, as it 

Since the first atomic bomb explosion, increas- applies to the defcnse establishment, has been 
ing emphasis and thought have been placed upon asqigned the namc “RADIAC”. This new word 
the development of instruments suitable for mili- for the military vocabulary has been taken from 
tary use. The instrumentation requirements are tlw initial lctters of-RAdiation, Detection, In- 
in many respects similar to those which hax7e been dication, And Computation. 
encountered in X-ray radiographic and thera- 
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i’ ” Chapter 2 

RADIATION IN GENERAL 

9.01 Introduction 

Radiation, in the sense in which we are con- 
- cerned, means nuclear emissions and is not 

concerned with the radiations which are manifest 
as radio waves, hkat, and light (1) (2).* It is 
possible to  separate these nuclear emissions into 
electrically charged and electrically neutral 
categories. 
The electrically charged radiation consists of 
particles in motion such as: 

beta (8) particles (electrons-e-) 
alpha (a) particles (helium nuclei-He++) 
protons ( p )  (hydrogen nuclei) (no military 

positron (positive electron) (no military 
importance) 

importance) 
The electrically neutral radiation consists of: 

neutron (n) 
gamma rays (7) 

X-rays (not considered as a nuclear radiation) 
Except in a few unique applications, military 
consideration is given to the measurement of the 

charged alpha and beta particles and to the 
electrically neutral gamma rays. Of these radia- 
tions, the greatest emphasis is placed on measure- 
ment of gamma rays. Table I gives some rough 
comparisons of the characteristics of alpha and 
beta particles and gamma rays. 

The measurement of neutrons will become 
important in conjunction with the operation of 
nuclear reactors for power production or the 
propulsion of ships or aircraft. Detection of 
neutrons involves some specialized applications 
of the detecting principles which will be discussed. 
However, a detailed description of neutron detec- 
tion will be omitted, since neutrons at  present are 
of limited interest to the Defense Establishment. 

It should be noted that there are certain 
elements which give off pure alpha and pure beta 
radiations. Gamma radiations are produced 
only as an after-effect of either an alpha or a beta 
emission. With very minor exceptions, there is 
DO such thing as a pure gamma emitter, although 
in some cases the alpha or beta emissions may be 
so weak as to be virtually indetectable. 

Radiation 
-___ 

Alpha Par- 
ticle 

___- 
Beta Par- 

ticle a 

Gamma Ray 

~ 

Nature 

Heavy positively 
charged particle. 
Helium nucleus 
He*+. Velocity 0 
t o  2 x IO’ cm/sec. 

L i g h t negatively 
charged particle. 
Electron e-. Ve- 
locities up to 
99.7% that  of 
light 

Electromagnetic ra- 
diation. W a v e 
length from 5 s 
10-10 to  4 x 10-8 
cm. Cncharged 

TABLE I.-Characteristics of nuclear radiation 

Energy 

Up to Me- 
dium High, 
0-3 Mev 

Low to Me- 
dium High, 

Mev 
0.03 - 2.6 

Ionizing power in air 

High 40,00(t250,000 
ion pairs; 20,000- 
80,000 ion pairs 
per centimeter 

Medium 30-300 ion 
pairs per centi- 
meter 

Low o+ 

Penetration 

5.5Mev-4.06 x 
10-3 cm in Al- 
uniium 

0.15 hlev-1.0 mm; 
2 Mev-3.5 mm 
in Aluminum 

Lower intensity 
e x p o  t cn t i a l l  y 
along its path 

Range in standard air 

7 Mev-6.0 cm 
5 Mev-3.48 cm 
2.0 Mev-1.0 cm 
0.2 Mev-0.17 cm 

0.2 Mev-37 cm 
2 Mev--840 cm 

Thickness to  reduce 
intensity of 1 Mev 
to one-half: 

Air-350 feet 
Lead-0.9 cm 

**Mev=Million electron rolts=amount of work done when one electron is accelerated by a potential difference of one million volts. 

Wumbcrs in parentheses indicate references on page 83 of this manual. 

1 2 b 3 3 9 5  
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* RADJAC 

2.02 Electrically Neutral Radiation 

The fact that gamma (or X-rays) are uncharged 
means that it is not possible to detect them 
directly with present types of measuring equip- 
ment. Fortunately these radiations in their 
passage through matter produce secondary proc- 
esses which allow measurement. 

I n  order to understand the methods of measure- 
ment of gamma rays, it is necessary to consider 
the manner in which neutral radiation is absorbed. 
It can be shown that absorption, or attenuation, 
takes place by several processes, the most im- 
portant being the following: 

A. Photoelectric Effect 
As shown in figure 2a, an atom irradiated 

with gamma rays absorbs the radiation by ejecting 
an electron. This type of absorption is dependent 
o n  the absorbing medium, but as a rough rule, is 
only important with gamma rays having energies 
below 0.1 Mev. 

B. Compton Effect 

PHOTON OF 
$ ENERGY 

a.  Photoelectric absorption off1 gninrnn ray  photon. 

PHOTON 

b. G a m m a  rav photon absorbed through tke productmir o f 0  lo7~er energy gamma 
photon and a recoil electron. 

c .  U a m m a  photon being absorbed w i t h  the productinri oJ ail electron P O I T .  This 
only  OCCUTS t n  the i ic in i ty  oJthe iiuclens 

Figure 2. Gamma rnij nbsorption. 

Three methods of gamma ray absorption are shown by 
I t  \ r i l l  tx rioted that a means of schematic diagrams. 

negative electron (e-) is produccd t)y each method. 

1 2 b 3 3 9 b  

In  some cases, photons of gamma radiation 
behave like billiard balls and produce the effect 
shown in figure 2b. Energy is absorbed from the 
incident photon to eject a n  electron. The scat- 
tercd photon has, as a result, lower energy than 
the incident photon. This effect is important in 
thc range of energies up to roughly 1 to 10 MeV. 

C. Pair Production 
With high energies above 1 M e V ,  pair produc- 

tion becomes possible, and becomes predominant 
in the region 5-12 Mev and ’above, being more 
important in absorbers of high atomic weight. 
Diagrammatically, this is shown in figure 2c where 
a high energy gamma photon is absorbed by pro- 
ducing a pair of electrons. As shown all three 
methods of absorption result in the production of 
high energy electrons which are electrically charged 
particles of the same general type as beta particles. 

I t  should be reemphasized that only if un- 
charged radiations are instrumental in producing 
charged radiations through some secondary proc- 
ess can they be detected or measured by the 
various means which will be discussed. 

2.03 Electrically Charged Radiation 

Several possibilities present themselves for the 
measurement of electrically charged particles. 
llcthods employing gas ionization prove to be 
thc most convcnient and practical. When a 
chargcd particle enters a gas it may act on a 
ncutral gas atom or molecule with sufficient 
enwgy to remove one or more electrons. This 
process is called ionization and results in a single 
ncutral atom or molecule being split into two for 
niorc) electrically charged particles-the negativc 
clwtron(s) and the positively charged remaining 
portion of the atom or molecule. The removal of 
a single electron produces what is called an ion 
pair.  The energy required to produce ion pairs 
depends upon the particular gas involved.. I n  the 
casc of air, which is a mixture of gases, the average 
loss of enerqy by the electrically charged particle 
is about 32.5 electron volts for each ion pair pro- 
dared. This does not mean that 32.5 electron 
rolts go into the formation of the ion pair. 
Actually, only about half of this value is used 
spwifically to strip off the electron in an ionizing 
collision. The rcmainder of the 32.5 electron 
volts is givcn up in the excitation of gas molecules 
in inrlastic collisions which do not produce ions 
or in providing kinetic energy to the members of 
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and ion pair if ionization is produced. We will 
discuss later the excitation phenomenon in con- 
nection with certain crystals, but for the moment 
ionization is of the greatest interest. 

*. I n  the process of ionization, particles having 
' greater electrical charge will produce greater 

ionization. Also, the more massive particles 
moving with lower velocities will present longer 
periods of time in which forces can act and, as a 
result, will be more effective in producing ioniza- 
tion than less massive particles. As an example, 
the transit in air of the negatively charged beta 
particle will produce between 30 and 300 ion pairs 
per centimeter of path length with the higher 
ionization occurring for lower beta particle ener- 
gies. The heavier, doubly charged positive alpha 
particle will produce anywhere from 20,000 to 
80,000 ion pairs per centimeter of travel. 

The ion pairs produced in a gas by the transit 

of an electrically charged particle will 'recombine 
to form neutral molecules. In  the case of air a t  
atmospheric pressure the life of an ion pair is 
believed to be in the order of five minutes. If, 
prior to recombination, the particles are subjected 
to an electric field, they will move under the in- 
fluence of the field, the positive ions toward the 
negatively charged cathode, and the negative ions 
toward the positively charged anode. A gas filled 
chamber containing electrons which have sufficient 
strength to collect all of the initially formed charge 
is called an ionization chamber. The electric field 
strength required for charge collection in chambers 
generally is between 15 and 120 volts per centi- 
meter and usually is not critical. This voltage 
corresponds to the field necessary to collect the 
ions prior to appreciable recombination and is not 
high enough tQ produce additional ion pairs as the 
ions travel to the collecting electrodes. 
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Chapter 3 

IONIZATION CHAMBER 

3.01 Introduction 

With appropriate forms of chambers all ionizing 
radiations can.be detected (4). In  the case of 
heavily ionizing radiations such as alpha particles 
(and in some cases electrons), separate ionizing 
events can be counted in a manner similar to that 
which will be described for Geiger-Mueller and 
proportional counters. Design characteristics of 
instruments are thoroughly entwined with opera- 
tional usage and the type of radiation involved. 
In general, the chambers are built around three 
basic forms: 

A. Two parallel electrode plates, one highly 
insulated and directly connected to the measuring 
part of the instrument. 

B. Cylindrical electrode with a coaxial collect- 
ing rod. 

C. Rectangular box with an internal collecting 
network (sometimes called a Christmas tree). In 

(POSITIVE CHARGE) 

Figure 3. Laboratory type  electroscope. 
Separation of leaves is caused by the repulsive force 

between two like charges. 

practice, form C is little more than an adaptation 
of the cylindrical condenser in B. 

The anode and cathode previously mentioned, 
may take the form of electrodes in a simple elec- 
troscope in which the chamber (container) forms 
one electrode and the central wire and thin gold 
foil form the other electrode as shown in figure 3. 

The electrostatic field produced by the positive 
charge on the central electrode and the negative 
charge on the case exerts a force on the charge 
on the gold leaves which causes the leaves to 
separate. Ions formed inside the chamber by 
radiation will neutralize the charge on the gold 
foil leaves, and the leaves will move together. 
Thus, within certain limits, i t  is possible to read 
radiation dose as a function of position of the 
sensitive element of an electroscope (3). An 
electroscope has no external voltage source, how- 
ever, if the instrument used for the measurement 
of the electric charge collected in an ionization 
chamber utilizes a continuous external voltage 
for its operation it is called an electrometer. 

3.02 Pocket Dosimeter 

A useful military instrument is the quartz jibre 
pocket dosimeter which is a modified version of the 
Lauritsen Electroscope (1) .  A dosimeter is pic- 
tured in figure 4. This instrument, about the 
size of a fountain pen, utilizes a metallic coated 
quartz fibre some five microns (0.0002 inch) in 
diameter as the sensitive moving element in place 
of the thin gold foil in our previous example. 
The instrument incorporates a small compound 
microscope for viewing the fibre against a cali- 
brated scale. Some type of light source must be 
available in order to see the scale and fibre. 
These dosimeters, having a full scale sensitivity 
0.2 roentgen (r),* are in common use for measur- 
ing integrated gamma ray exposures. Work is 
undcr way to produce pocket dosimeters having 
full scale readings, perhaps as high as 200 roent- 
gens. Pocket dosimeter reading and charging is 
shown in figures 5 and 6. 

*See page 52 for an exact definitionof a roentgen. (This is a unit of measure- 
ment of gamma or X-ray dosage rate or absorption.) 
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\ CONTACT FOR CHARGING BOX 

FIXED METAL, 
LEAF 

MOVEABLE FINE METAL ' 
COATED QUARTZ FBRE 

EYEPIECE LENSES 

RADIAC 

END WINDOW 
/ 

' CHARGING TERMINAL 

' INSULATOR 

- QUARTZ FIBRE ELECTROSCOPE 

/OUTER ELECTRODE 

> OBJECTIVE LENSES 

Figure 5 .  Reading the pocket dosimeter. 
A light source must be available to see the scale and 

Here a reading is made using sky light for il- fibre. 
lumination. 

SCALE RETICLE 

/ 

in as a part of the instrument. Dosage rate is 
obtained by timing the rate of electroscope fibre 
movement. Timing is accomplished by the re- 
petitive flashes of a neon lamp which appears t~ 
the  viewer just above the microscope scale. Since 
the instrument keeps its calibration over extended 
periods of time, it is used as a secondary standard. 

Fzgure 4. Pocket doszmeler. 

Shown is the dosimeter with the magnetic charging de- 
\ice recently developed by Dr. F. R. Shonka of the 
Argonne National Laboratory. A magnet in the charger 
repels the dosimeter magnet and move3 it into position so 
that the electroscope can be charged. Many dosimeters 
incorporate diaphragm charging terminals such as tha t  
shown with the pocket chamber in figure 8. 

3.03 Drift Meter 

A medium sized portable gamma measuring, 
alpha and beta indicating, survey instrument has 
been built with a quart/ fibre system similar to  
that used in the pocket dosimeter. In  some arcas 
this instrument goes under the name Landsoerk 
Electroscope. The unit has an enlarged cliarnb~r 
and is designed for portable but not pocket nsc. 
Since it is not a pockct dc>vice the cliargrr is 1)uilt 
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Figure 6. Charging a pocket dosimeter. 
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Chapter 4 

GAS AMPLIF!CATION 
Ionization chamber voltages are relatively weak. 

However, if higher voltages are applied to the 
chamber electrodes, a gas amplification can be 
obtained (5). When the electron from an ion pair 
is given greater energy than the ionization energy 
of the atom or molecule of a gas, it may produce 
additional ionization as shown diagramatically in 
figure 18. Gas amplification also can be obtained 
by reducing the energy required to ionize the 
chamber gas through the choice of a suitable gas 
or by decreasing the chamber pressure so as to 
increase the mean free path and the energy of the 
ionizing particle. 

If we consider the counting chamber and cir- 
cuitry as shown in figure 19 with the chamber 
exposed to a constant energy source of radiation, 

each particle entering the chamber will produce a 
definite number of ion pairs, and these ions will 
be collected a t  the electrodes, thereby producing 
a pulse of current in the external circuit. 

If the size of the pulse is plotted as a €unction of 
the voltage applied to the electrodes, a. curve such 
as that shown in figure 20 is formed. 

Below a certain minimum voltage across the 
chamber we do not collect all the ions which are 
formed, because in this region of low voltage, O-a, 
ions have an opportunity for recombination prior 
to collection. At slightly increased voltages, u-b, 
normal ionization chamber working conditions are 
reached. Above voltage a the pulse size becomes 
relatively independent of the voltage, since there 
is it complete collection of all ions formed by the 

SENSITIVITY 
ADJUSTMENT OFF AND ON AND 

RANGE SELECTOR 
METER 

/ SWITCH 
(CHANGEABLE SCALES) I N S S O R  
\ 

"8" BATTERY 

HIGH RESISTANCE 
RESISTORS 

I 1010- id4 OHM) 

ELECTROMETER 
TUBES 

IONIZATION 
CHAMBER WALL 

%w 1 BATTERIES 

/ 
CHAMBER / 

CENTRAL 

ELECTRODE x - I /  
BATTERIES 

FILAMENT 

Figure 17. Ionization chaniber survey meter. 

Gamma-measuring instruments of this type are probably tht: most important military survey instruments. 
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RADIAC 

Fzgure 18. Gns amplz$cafzon. 

Diagramatic representation of the avalanche type of gas amplification found throughorit the Geiger-Mueller 
tube and near the collecting electrode of a proportional counter. One initial ioniLing event may produce l o 3  
electrons collected in a proportional counter and 10 3 electrons collected in a Geiger-tube. 

M RFD - 
PULSE CHA..,,,,. J 

f 1 
Figure 19. Counting chamber and circuit. 

passage of an ionizing particle. In  the region 
0-a-b, only ions produced by the primary radiation 
contribute to the pulse. In  the region a-b tile 
pulse P in volts will bc given by the relationship: 

s c  
'1 

p= 

16 
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where: 

N = Number o€ ions collected 

c = Charge on the electron (coulombs) 

q = Capacity of the system (farads) 

If me assume the capacity of the system to be lo-" 
farads and examine the voltage produced by 1 
centimeter of t,ravel of a 1 Mev alpha particle, 
thm: 

. .  
, ,- 

I 
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The same length of travel with a 1 Mev beta 
particle: 

Figure 20. Pulse size as a junc t ion  of voltage f r o m  a cham- 
ber exposed to a constant energy source of r d i a t i o n .  

a-b Ionization chamber region 
b-c Proportional region 
c-d Limited proportional region 
d-e Geiger region 
above e Continuous discharge region 
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One would expect a slightly larger voltage, say 
4 x lo-' volts to be produced as the result of the 
secondary electron produced in the absorption of 
a I hiev gamma ray. Assuming photoelectric 
absorption of the gamma ray, some energy is 
required for ionization, some energy will perhaps 
go into kinetic energy of the products of ionization, 
and there may be some excitation of other elec- 
trons in the ionized atom. At any rate, it would be 
expected that the photoelectron would be produced 
with very slightly less energy than the 1 Mev beta 
particle and because of its lower velocity (see 
pagv 4) will produce a slightly greater number 
of ion pairs per centimeter of travel in the 
chamber. If the chamber is such as will expend 
all Llie energy of the beta particle or photoelectron, 
the total number of ion pairs produced by the 
beta particle will be slightly in excess of those 
produced by the gamma ray photoelectron. 
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. Chapter 5 

PROPORTIONAL COUNTER 
5.01 The Proportional Region 

At some higher voltage b in figure 20 the above 
relationship would cease to exist, and pulses would 
be found larger than predicted. The region b-c is 
the so-called proportional Tegion, because the out- 
put pulse is directly proportional to the amount of 
primary ionization. The chamber operation in the 
proportional region can be explained as follows: 
In the region of a few electron mean free paths 
away from the central (anode) wire, a sufficiently 
high field strength imparts t o  electrons, attracted 
from the remaining chamber volume, enough 
energy to cause secondary ionization. The output 
pulse is therefore increased by the collection of 
the additional electrons and is proportional to the 
magnitude of the initial ionizing radiation. 

If there are I ion pairs formed by collections as 
an electron travels toward the central electrode, 
then the size of the voltage pulse is given by- 

(I) (1.6 x 10-19) P= 

Here, “I” is defined as t8he gas amplification and 
is the ratio of the number of electrons collected a t  
the anode N to the number of ion pairs originally 
formed in the gas No: 

It should be noted that the gas amplification fac- 
tor varies from about 10 in certain photoelectric 
cells to 103 in proportional counters and to lo8 in 
Eome Geiger-Mueller counter tubes as shoIm in 
the diagram in figure 18. 

In  the case of the proportional counter it is 
necessary that the secondary ionization (or am- 
plification) occur less than ten electron mean free 
paths from the central wire. Otherwise strict, 
proportionality ceases, and the limited propor- 
tional region c-d is entered where the gas amplifi- 
cation factor has values from lo4 to lo7.  

Since the total ionizatiorl produced by an ion- 
izing particle is dependent on the type of particle, 
it follows that in the proportional counter region 

we are able, within limits, to differentiate between 
the pulses produced by alpha particles and the 
pulses produced by either beta or gamma radia- 
tions. This means that the proportional counter 
will have a limited military usage for alpha meas- 
urements. If the field strength is such as to form 
a beta-gamma to alpha ratio of lo6 or greater, 
such as roughly approximates the case immedi- 
ately following an atomic bomb explosion, the 
proportional counter is not capable of diff eren- 
tiating between the combined effects of a multi- 
tude of smaller beta and gamma pulses and the 
large alpha pulses. The proportional counter 
has a definite use in decontamination work after 
the decay of the short half-life gamma and beta 
emitters. A portable proportional counter survey 
meter is sketched in figure 21. 

Certain factors must be considered in order to 
establisli good working characteristics for propor- 
tional counters. The gas used for tube filling may 
be chosen so as to accomplish the desired action. 
Pure argon, helium, neon and methane, and cer- 
tain combinations of these gases have been found 
to give satisfactory results. Other counter probes 
are left open to the air. Strong electric fields 
may be produced with moderate voltage by using 
two coaxial cylinders as the electrodes, and since 
the field strength varies logarithmically for a 
cylindrical configuration, the smaller the diameter 
of the anode, the higher will be the field strength 
in the vicinity of one electron mean free path of 
the wire. For this reason, extremely fine central 
electrode wires are employed. It is readily seen 
that the mechanical strength of a thin window 
tube with a 0.0005 inch diameter central wire is 
not such as to lend itself readily to field use. 

5.02 Proportional Counter Probe 

As previously stated, a counter for use in the 
proportional counter region is restricted in the 
multiplication of electrons to somewhere in the 
order of ten generations. This can be obtained 
in the large electric field near the central wire in 
the cylindrical arrangement described above. It 
follows that a parallel plate structure is excludrd 

19 
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4 F F  &ON RANGE SELECTOR 
SWITCH 

BATTERlES B 
HIGH VOLTAGE 
SUPPLY 

THIN NYLON WINDOW 

HANDLE -+/, 

(SOME HAVE A PROBES PREAMPLIFIER MAY 2 - L${*;::E 
IN THIS END) ELECTRODE) 

Figure 81. Porfable proportional counter survey‘meter. 

This type of instrument \vi11 I)r used for alpha particle detection. 

for use in a proportional counter. I t  is possible 
to build proportional counter probes with large 
windows using a number of parallel mires. 11 

satisfactory geometrical configuration has been 
found where the depth of the chamber behind the 
window is “x”, the wires we placed a t  a depth 
‘ ‘ 42”  and a distance “x” apart. I n  some probes, 
“x” has been chosen equal to one centimeter. 
Such a multiple wire probe is shown in figure 22. 
A single wire probe is shown in figure 21. In this 
latter example the probe case is not completely 
cylindrical since the window opening is cut longi- 
tudinally along the side wall. 

Parallel wire counters having large sensitive 
openings (100-150 cn?) are used for the surrey of 
large areas. Proportional counters with probcls 
are used for checking alpha contaniinatioll o n  

Figure 22. Parallel wire proportional probe. 

A satisfactory geometrical arrangernent has been found 
with x= 1 inch. 

hands. feet, clothing, filter paper samples, and 
various surfaces. This is primarily a tool usctl in 
conjunction with a field laboratory and 11-ith 
dwontaminrttioll activities. 

20 
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Chapter 6 

GEIGER-MUELLER COUNTER 

.O1 Avalanche Ionization 

If in our previous example (fig. 20) the voltage 
5 raised still further above point c the gas amplifi- 
cation factor will continue to increase, but in the 
region c-d, the amplified pulses are no longer 
proportional to  the initial ionization. This means 
that secondary ionization is started outside the 
distance of a few electron mean free paths from 
the central wire. There is still some difference in 
final pulse sizes so that this region c-d is known as 
the Tegion of limited proportionality. Tubes oper- 
ated in this region have little application outside 
research laboratories. 

If the voltage is increased still further, a new 
phenomenon occurs in which secondary ion 
multiplication spreads throughout the entire 
chamber volume. This cumulative effect is known 
as Townsend or acalancge ionization and is shown 
diagrammatically in figure 18. When a chamber is 
used in this region d-e, it is called a Geiger-Mueller 
counter, and the pulse size is independent of the 
event which initiated it. Still higher voltages 
produce above point e a region of continuous arc 
discharge. While in effect this is not a continuous 
discharge but a series of pulses so closely spaced 
to give that appearance. 

It should be noted that for any particular 
counter tube, if the pressure is held constant and 
the voltage is varied the instrument can be made 
to operate as either an ionization chamber, pro- 
portional counter, or Geiger counter. By holding 
the voltage constant a similar situation can be 
created by varying the mean free path through 
variations in gas pressure. 

An examination of pulses from a Geiger-Mueller 
tube reveals that pulses are of the same size only 
when spaced a good time apart. One would 
expect all pulses to be of the same size, but an 
examination of the action of the positive ion 
reveals that this is not always the case. In  
previous discussions of the operation of ionization 
chambers and proportional counters we have 
neglected the effect of the positive ions and con- 
sidered only the action of the electrons. Because 

. Time 
Figure 23. Geiyer-Mueller tube pulse. 

.4fter one pulse has started at w, no second event can 
The time w-y is take place until the pulse reaches y. 

the tube dead lime. 

of their mass, the positive ions move slowly under 
the influence of the electric field reaching the 
outer collecting electrode in perhaps IO-3 seconds. 
The electrons formed during the Townsend 
avalanche, being many orders of magnitude (lo') 
lighter, are all collected in less than seconds, 
which is a long time before the positive ions reach 
the cathode. The result is a cloud of positive ions 
forming a t  a distance of several mean free paths 
from the anode and moving toward the cathode. 
This produces a positive space charge which for a 
time completely shields the anode and prevents 
counter action. As the positive charge moves 
closer to the cathode, a limited counter action is 
allowed to occur. I n  this case the initial pulse 
will be of greater magnitude than that of the one 
which follows. An examination of the pulse 
delivered by a Geiger-Mueller tube may be made 
with the help of figure 23. 

The pulse develops rapidly from w to x, due to 
tlic rapid collection of electrons. The pulse 
dccctys more slowly from 5 to z, due to the longer 
transit time of the positive ions and the time 
constant of the external circuit. After one pulse 
13213 started at  time w, no second event can take 

21 



RADIAC 

place until the pulse has reached y, due to the 
shielding action of the positive space charge. 
The time w-y, in which no second event can take 
place, is called the tube dead time. This time 
is very important, because it determines the 
maximum counting rate of the tube and its allied 
circuit. I n  portable survey instruments the dead 
time is approximately 0.0005 second which allows 
a maximum counting rate of 2,000 pulses per 
second. It becomes apparent that since the 
maximum tube response is Vx; then pulses 
occurring after time y will have a minimum ampli- 
tude of Vx-Vy. This amplitude will increase 
with time to Vx a t  time z.  Therefore, during the 
time of pulse decay starting with the end of the 
dead period, there will be a period y to z with 
pulses less than normal height. 

If we assume a Geiger-Mueller tube to be 
exposed to a constant intensity source havinga 
wide spectrum of energies of gamma photons or 
beta particles; then a typical Geiger-Mueller 
tube characteristic curve of pulses per second as a 
function of voltage may be plotted in figure 24. 

I 
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0 w cn 
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Figure 24. Geigpr-Mueller tube characteristic CUT ve.  

m Curve threshold 
m-n Region of proportional counting 

o Threshold of Geiger region 

p Start of continuous discharge region 
0-p Plateau 

There will be no response to the small pulses 
in the ionization chamber region where there is no 
gas amplification. A threshold m appears early 
in the proportional region. This region extends 
from m to n. As the voltage is increased, the 
gas amplification becomes increasingly niore im- 
portant with more of the less energetic particles 
being counted. At o the threshold of the Geiger 
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region 0-p is reached, and within the resolving 
time of the tube practically every particle entering 
the tube which is capable of producing a t  least 
one ion pair in the tube gas is counted. Beta 
particles which penetrate the tube walls will be 
counted with almost 100% efficiency; on the 
other hand, gamma rays must produce ionization 
in the tube in order to be counted. The gamma 
counting efficiency usually is considered less than 
one per cent. The region of continuous discharge 
begins a t  p .  

The Geiger portion of the characteristic curve 
0-p is known as the plateau. It is desirable, 
particularly in portable battery operated survey 
meters, to have a long, flat plateau; since the 
counting rate does not depend on applied voltage 
and, within limits, will not be affected by battery 
aging. Tubes having plateau lengths from 100 to 
300 volts and slopes showing an increase in counts 
of only one to  two per cent for a change of 100 
volts are in general usage. I n  many portable 
survrly instruments these tubes operate with the 
thwshold of the Geiger region in the neighborhood 
of 900 volts. In  the laboratory equipment various 
tubes operate up to  2500 volts. Most of the 
portable radiac instruments are necessarily re- 
stricted to batteries, and the higher the voltage, 
the larger and heavier the battery requirements. 
Efforts are under way to develop satisfactory high 
voltage suppliw* which operate from low voltage 
batteries. This is only a temporary expedient 
until satisfactory low voltage Geiger-hfueller 
tubcs are developed. Constant voltage power 
supplics will reduce the requirement for a long 
plateau although tube aging with use many times 
causes voltagt. shifts in the characteristic curve 
whic.li makcs t h r b  plateau desirable. 

6.02 Quenching the Discharge 

The approach of the positive ion cloud to the 
cathode cylinder will result in pulling electrons 
from t,he cathode to produce neutral atoms or 
niolec,ules. The electron usually enters combina- 
t>iori with the positive ion in an excited state. 
Tlic process of transit to the ground state pro- 
dures a characteristic series of spectral radiation, 
a id  some of these radiations will be in the ultra- 

*l’herc are cssrntially nine different types of power supply which can be 
USIYI to provide the high voltape required for Geiger counter operation: 
I3nttrvy, condenbcr, conrlenser-coiiinntator, vibrator, condenser-vibrator, 
rnciic f r ~ ~ ~ u c r i c y ,  f l ~  . t ,ack, transformer (AC supply), arid multiplier ( A C  
> f l ~ l ~ d ~ ) .  
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region. This ultra-violet radiation usually 
sufficient energy to produce photoelectron 

These photoelectrons, 
n, will have sufficient energy to start a second 
che, and the whole process will be repeated. 

s therefore necessary to construct counters in 
the cycle is halted for each individual pulse. 

his process is called quenching and can be ac- 
shed by using external electronic methods 
using special vapors inside of the counter 

All external quenching methods work on the 
inciple of lowering the collecting electrode 

ge below that a t  which the counter can form 
9 an avalanche until such time as the danger of an .. additional avalanche is passed (3) (5). The 

recovery time for resistance quenched circuits is 
in the order of seconds. The Neher-Harper 
circuit, a good example of vacuum tube quenching, 
is shown in figure 25. This circuit has a recovery 
time in the order of IOe4 seconds. 

When current flows as the result of a discharge 

ssion from the cathode. 

COUPLING ! 
1 COLLECTING ELECTRODE CONDENSER 
I 

$1 

I 

I 

Figure 65. Neher-Harper vacuum lube quench circuit. 

tube grid potential. As the grid becomes positive 
from its normal -4.5 volt bias, the tube conducts, 
thereby dropping the potential on the collecting 
electrode. Other quench circuits in use are the 
Nehcr-Pickering, Getting multivibrator, and a 
number of combinations and variations. 

Internally quenched Geiger-Mueller tubes utilize 
small amounts of polyatomic vapor such as ethyl 
ether, amyl acetate, ethyl alcohol, etc., mixed with 

of the detector, the resistor R1 raises the vacuum, the regular tube gas in order to cause the detectgr 

Figure 26. Tubes f o r  portable G i ~ ~ g u - M u e l l e r  counters. 

The diagram indicates the difference between thin wall and thin end windox tubes. The Victoreen all metal thy- 
The thin-end window tril)e is the 133-1 used for beta-gamma indication in 

The BS-2 for high rmige gamma detection in the same instruments is 
rode 1R85 is shown in thc lowcr left. 
the AKjPDR-8 series, -15 arid -27. 
shown ill the lower right. Ai1 assortment of thin-walled tube,< from other portal~le counters is shown. 
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RADIAC . 1 
to quench itself after each discharge. These 
Geiger-Mueller tubes are known as self-quenching. 
The primary function of the vapor molecules is 
the absorption of ultra-violet photons, thereby 
forestalling any repetitive discharge. The major- 
ity of the quenching gases are complex organic 
molecules such as alcohol or xylene which preclude 
their use under subzero weather conditions. They 
also may show changes in sensitivity with changes 
in temperature at room conditions. One of the 
most severe problems presented by the quench 
vapor is in limiting the life of the tube. Some of 
the quenching vapor is dissociated a t  each dis- 
charge, and eventually the vapor is completely 
used up and the tube goes into a repetitive dis- 
charge condition. The better tubes in survey 
equipment will have a life of 3 x loQ counts. For 
continuous operation in a field which will just 
allow utilizing a second resolving time, the 
tube life will be only 100 hours. 

Considerable work is under way toward the 
development of Geiger-Mueller tube fillings which 
%I1 overcome the difficulties that have been 
enumerated above. Halogen gas mixtures are 
among the most promising. Tubes have been 
constructed with the Geiger threshold in the 
neighborhood of 700 volts, having a virtually 
flat plateau of several hundred volts. These 
tubes appear to have good temperature charac- 
teristics and a life well in excess of that for tubes 
generally employed in survey equipment. 

The majority of Geiger-Mueller counter tubes 
presently employed in survey meters are $6 inch in 
diameter and 53/$ inches long. The cathodes vary 
from one to three inches in length. In common 

use are thin side walls of 30 mg/cm2 thickness. 
Others have thin end windows in some cases 3 
mg/cm2 thick. Such tubcs are shown in figure 26. 
Laboratory counter tubes range up to 3>6 inches 
in diameter with the length from two to ten times 
the diameter. Several laboratory Geiger-Mueller 
tubes are shown in figure 27. The anode, thor- 
oughly insulated from the cathode, is a fine wire 
from 0.0001 to 0.0010 inch in diameter running 
down th'e cathode cylinder axis. To obtain a 
satisfactory characteristic curve, the central wire 
must be manufactured carefully, free of die marks 
and sharp protuberances. The tube must be 
cleaned carefully to remove all dust, grease, water 
vapor, and oxygen; and special care must be 
exercised in the selection of pure filling gases. 
In  addition, the filling gas pressure must be 
chosen carefully. Most tubes used in radiac 
equipment of the portable survey type incorporate 
thin windon-s to permit some beta counting. 
Kormnlly, this is a cylindrical section of tube wall 
approximately 3 inches long a t  mid-tube length 
as shown in figure 26 and having a thickness of 30 
mg/cm2. Provided the probe housing tube does 
not add additional shielding, the tube then will 
be sensitive to beta particles having energies 
above 0.16 MeV. As previously stated, counter 
tubes may be employed with thin end windows 
such as that illustrated in figure 26. Tubes of this 
typc of construction are in more common use in 
laboratory equipment than in equipment used for 
field survey work. Mica windows down to 0.5 
rng/cm2 are available, although in normal labora- 
tory work the thin windows run between 1.5 and 
4 mg/cm* in thickness. 

Figure 27. Laborator!/ G'eiyer tubes.  

A number of tubes have been developed to cover thc  wide range of requirements of laboratory counting. 
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RADIAC 

A great majority of Geiger-Mueller tubes are 
photosensitive. This undesirable feature has been 
overcome by coating the glass envelope with an 

3% 
%c opaque surface. Occasionally, pin holes in the 6*03 Geiger-Mueller Detector 
'' thin opaque coating will cause spurious counts 

peel off a once satisfactorily operating tube and 
introduce serious counting errors. 

I 

'I 
*I 

1 Geiger-hlueller counters, utilizing self-quench- 
t when the tube is exposed to bright sunlight. In ing tubes, are especially useful as light weight 

addition, the oprcque coating has been known to highly sensitive detecting instruments for field 
I 

CALIBRATION 
ADJUSTMENT 

PHONE JACK / .  METER 

OFF AND ON AND \ HANnl  F (CHANGEABLE SCALES 
# RANGE SELECTOR 

SWITCH 

LOOP FOR 

PROBE 

;LIP 

\ GEIGER\ TUBE 

THIN WINDOW 
SECTION OF TUBE BETA SHIELD 

BETA PORTS 
Figure 28. Diagramatic sketch of a portable Geiger-llfzrellrr sztrvey meter, 

The probe, foreground, has a descriminating slide which ma)- be used for beta indications. Indication is by 
the meter and by headphoIles (not shown). 
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Chapter 7 

SCALING CIRCUITS 

Field laboratories will be used to evaluate 
ples of terrain, food, water, etc., to determine 
nature and extent of radiological hazards. 

s work requires that accurate counts be made. 
e best mechanical counters can be driven at 
es of perphaps no more than 300 times per 

second; therefore, other means are required to 
"'record the maximum Geiger-Mueller count in the 
"neighborhood of 5,000 pulses per second. Elec- 
* tronically, it is possible to record pulses a t  rates 
far in excess of the best counter tube output. 
%me of these electronic arrangements are known 
as scaling circuits. 

Scaling circuits are based upon a basic two- 
tube circuit which divides the number of pulses 
by two, and by constructing a series of such 
circuits, the pulses can be reduced by factors 
of 2, 4, 8, 16, 32, 64, 128, etc. The most common 
scaling circuits in use utilize scales of 64. Record- 
ing is accomplished by neon indicator lamps at 
each stage multiple of the circuit. The sum of all 
indicator lamps will give the number of pulses 
counted. Since 64 or more counts per second are 
not uncommon, the circuit is set to drive a me- 

chanical register which records the total number 
of 64 counts which have taken place. A greatly 
simplified scale of two scaling circuits is shown in 
figure 30. Essentially, the two plates are joined 
by a relatively large capacitor C1 of the order of 
O.lufd. The two cathodes are tied together 
through the identical resistors R, and R, and held 
ct some small negative bias. Because of the cross 
coupling by capacitor C1, the circuit will be in 
equilibrium when either tube is cut off and the 
other a t  maximum plate current. An impulse 
having fired TI causes the grid of Tz to go negative 
with respect to the cathode and not fire. How- 
ever, the arrival of a second impulse gives a mo- 
mentary positive bias to the grid of T, and 
accordingly it fires. 

Certain difficulties are inherent in translating 
powers of 2 into multiples of 10; therefore, elec- 
tronic circuitry js being devised to give readings 
of decades (units of lo) ,  and all military field labo- 
ratory equipment will probably be so constructed. 

Scaling circuits can be used in conjunction with 
any tjjw of pulse detection. Many instruments 
are conhtructcd with high voltage power supplies 

INPUT 
PULSE V 1 I 

4- 250 V 

OUTPUT 

Figure SO. Simplajet1 scale of two scaling circuit. 
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Chapter 9 

CRYSTAL AND CHEMICAL DETECTION 
~9.01 Excitation 

As previously shown, an electrically charged 
particle in its passage through a gas may come 
close enough to an atom to exert sufficient force 
to remove an electron and ionize the atom. I n  
.many cases the charged particle will not exert 

& enough energy to cause ionization, but will cause 
+ one or more of the atom’s electrons to be raised 
, to higher energy levels. The excited atom in 

returning to its ground state will radiate a char- 
acteristic series of spectral lines. Some liquids 
or solids subjected to ionizing radiation may give 
off a characteristic fluorescence which can be 
measured. I n  addition, the free electrons pro- 
duced in a solid or liquid by ionization may cause 
changes in the electrical conduction of the sub- 
stance in which they are produced. This latter 
process is sometimes referred to as photo conduction. 

Some crystals do not return immediately to a 
ground state after being exposed to radiation. 
This may manifest itself in a crystal color change. 
In some cases shining light on the crystal will 
release energy which has been trapped in the 
crystal excited stage. Some crystals will en- 
counter an effective change in electrical resistance 
when subjected to ionizing radiation. In some 
cases chemical reactions which produce color 
changes are initiated by the disassociation of 
compounds, formation of free radicals or electron 
attachments under the influence of radiation. 
With the exception of photographic film badges, 
which will be discussed later, these various phe- 
nomena are of interest only in that some day they 
may be incorporated into a military dosage meas- 
uring device. Much developmental effort is being 
placed on a dosage indicating tag which will 
change colors a t  various levels of exposure so as 
to be used for rapid determination of thc degree 
of field exposure. 

. 

9.02 Chemical Dosimeters 

It appears possible to detect nuclear radiations 
by methods depending upon chemical change 
induced by radiations. Detection of radiation 
by chemical reactions possesses a possible advan- 
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tage over detection by other methods of instru- 
mentation, in that a single chemiCa1 method may 
be used to detect radiation over a wide range of 
intensity from a fraction of a roentgen to over 
1,000 roentgens. The problem involved in such 
a method of detection is that of finding and con- 
trolling a chemical chain reaction capable of multi- 
plying the radiation effect on a single molecule. 
The special rgquirements are that the nuclear 
radiation initiate a minimum chain length approxi- 
mately IO5 for visual perception and that i t  not 
be initiated significantly by thermal radiation at 
ordinary temperatures. Five possible ways in 
which multiplication may be achieved are: 

A. Development reaction such as photo- 
graphic d evelopm ent. 

B. Explosive reactions such as benzoyl per- 
oxide triggered by nuclear radiation. 

C. Initiation of a free radical chain. 
D. Psychological, such as a color reaction. 
E. Thermoluminescence. 

A few examples of many proposed systems 
for accomplishing the above multiplication are 
indicated below. 

The development of a dosage 
indicating device in which a phosphor screen is 
combined with a photo-sensitive layer. The 
phosphor absorbs the high energy photons to 
which the photo-chemical layer is nearly trans- 
parent with the phosphor emitting an extremely 
large number of photons of ultra-violet light for 
each high energy photon absorbed. The photo- 
chemical layer absorbs the ultra-violet emission 
and in turn may be direct reading in shades of 
grey or in colors after a development process. 
This is an effective way to transform high energy 
radiation into a detectable form. 

The formation of colored 
dyes on exposure to radiation of luecocyanides 
with pararosaniline. 

Halogenated Compounds. The radiation 
decomposition of halogenated compounds can be 
used to produce color reactions. 

The splitting and coupling 
of the pyridine ring under the influence of ionizing 
radiation may form colored compounds. 
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Decomposition of Carb,on Tetrachloride. 
Carbon tetrachloride (CCl,) in the presence of 
water and oxygen decomposes under radiation 
into chlorine (Clz), carbonyl chloride (COCl,), 
and hydrochloric acid (HC1). Tbe chlorine can 
be detected by the starch iodide reaction or by 
more sensitive and stable indicators such as thio- 
Michler’s ketone. 0 ther chlorinated compounds 
such as DDT, chloro- and hexachloroethane react 
in manner similar to carbon tetrachloride. 

Reduction of Mercuric to Mercurous Salts. 
Mercuric chloride (HgCl,) or iodide (HgI,) is re- 
duced to mercurous (HgC1 or HgI) and probably 
to metallic mercury by radiation. An early 
equilibrium is reached between the reduction 
products and the original salts, however, the re- 
action can be made to go forward by ha-iing 
present an acceptor of oxygen. Such an acceptor 
is tetramethyl diamino diphenylmethane which is 
oxidized to a deep blue diphenylmethane dye. A 
mixture of mercuric (Hg++) chloride and thio- 
compound therefore undergoes a change from 
colorless to blue upon irradiation. There is a 
possibility that the mercurous salt (Hg+) or the 
fine mercury formed in this reaction can be utilized 
to catalyze some chemical reaction which would 
result in greater sensitivity. 

Reduction of Cupric to Cuprous Salts. 
Cupric chloride (CuC1,) or bromide (CuBr,) is 
reduced to the corresponding cuprous salts 
(Cu2C1, or Cu,Br,) on irradiation. It has been 

32 

1 2 b 3 4 2 4  

found that thio-Michler’s ketone can be used as a 
sensitive indicator for this reaction since i t  forms 

, deeply colored complexes with cuprous (Cu+) but 
not with cupric (Cu*) salts. 

Reduction of Molybdic Acid.  Molybdic 
acid (H2Mo04) is reduced slowly to a blue com- 
pound, molybdic blue (Mo206.nMo03) on irradia- 
tion. Much greater sensitivity is obtained if an 
organic acid such as lactic acid is present. 

Reduction of Nitrates. Nitrates (NOa-) 
are reduced to nitrites (NOz-) by radiation. The 
nitrite can be detected by the formation of azo 
dies. 

9.03 Scintillation Counters 

Crystals such as Napthalene (C1,H,), anthra- 
cene (C,H,:(CH)z:C,H,), calcium tungstate 
Ca WOJ, silver chloride (AgCl), thallium-activated 
sodium iodide (NaI) , thallium-activated potas- 
sium iodide (KI), and others have been found to 
have a relatively high fluorescent yield. These 
crystals, in conjunction with light sensitive devices 
such as high-gain photomultiplier tubes are in use 
as research tools, but as yet no successful survey 
instruments have been delivered; however, de- 
velopment of such equipment is in advanced 
stages. It is felt that the scintillation type counter 
can be utilized to overcome many of the serious 
problems of high resistance, insulation, arid thin 
windows associated with alpha counting by ioni- 
za tion chambers and proportional counters. In 
addition, it is felt that scintillation counters may 
provide a wide range instrument to replace the 
use of Geiger-Mueller counters for low intensity 
gamma detection and ionization chambers for high 
dose rate gamma survey. 

Some problems are encountered with the 
scintillation counter. There is a spectral sensi- 
ti\-ity problem such as that discussed in conjunc- 
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PHOSPHOR ELECTRON MULTIPLIER TUBE 

Figure S1. Schematic diagram of a scintillation counter. 

Radiation E iking the phosphor releases light which is picked up in the electron multiplier tube and is subsequently 
transformed into a meter reading or earphone indication. 

tion with ionization chambers. Satisfactory pho- 9.04 Other Possibilities 
toelectric tubes require in the neighborhood of 100 
volts per stage and with 10 or more stages this Sevcral other processes have been examined for 
presents the same high voltage problem discussed their possible use &s dosage-indicating devices. 
in conjunction with Geiger-Mueller counters. Electrets show some promise, but further investi- 
Since the photomultiplier tubes are light-sensitive, gation is necessary before their actual application 
the tube and crystal must be encased in a light- to dosimetry may be used as a basis for long-range 
tight coating. planning. 
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Chapter 13 

CALIBRATION 

A problem which a t  first appears of little conse- 
quence is that of instrument calibration. Actually. 
this is an extremely serious problem to designers, 
manufacturers, and to users whether in laboratory 
or field work. There are two calibrations which 
must be considered: 

a. Spectral sensitivity, and 
b. Dosage rate. 

The first is a function of the materials, configura- 
tion, etc., of which the instrument is made. Mili- 
tary radiac equipment is checked for spectral 
response by the X-ray section of the National 
Bureau of Standards, and it is considered 
that they are not likely to change unless the 
instruments are damaged or altered. Unfortu- 
n a t e ] ~ ~  the instrument evolution has not progressed 
to the point where one is willing to use them per 
se without continuous rate calibrations. 

If errors, some serious, are to be eliminated from 
quantitative dose rate measurements, then it is 
necessary to expose the instruments in substan- 
tially the same manner in which they are cali- 
brated. This does not mean that qualitative 
indications cannot be obtained when an instrument 
is not calibrated €or a specific radiation. In the 
case of the portable Geiger-Muellcr counter the 
instrument is calibrated for gamma radiation but 
is satisfactorily used to locate beta surface con- 
tamination. An extremely complex beta calibra- 
tion with rigid use restrictions mould be required 
to make the Geiger-hluellcr counting rat,e a 
quantitative measure of active material. 

Alpha calibrations are done with plutonium or 
uranium sources a t  the center of the plane of the 
external opcninq of the instrument. As a mattw 
of interest, i t  can be stated that one gram of purc 
natural uranium emits a total of 2.5  x io4 alpha 
particles per second. Considerable effort must be 
placed in determining t8hc absolute number of 
disintegrations for any samplc to correct for self- 
absorption and geometry. 

Beta calibrations present a more serious prob- 
lem tkun do alpha, primarily bccaiise of scattering 
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effects and absorption of the beta particles. A 
good number of standards are made by depositing 
on a foil a known amount of uranium oxide 
(U308). The foil having a density of 25 mg/cm2 
will absorb all alpha particles and only about five 
prrcent of the beta particles. Strontium 90 is 
also used as a het8a calibration source. It should 
be rioted that the methods of alpha and beta 
cali hrations are not entirely satisfactory and that 
work is under way to develop better means of 
calibration. 

Radium encased in platinum and cobalt 60 are 
usctl as gamma radiation sources for calibration. 
Sources are calibrated a t  the National Bureau of 
Standards a t  periodic intervals. Information from 
the source calibrations allows a calciilation of 
intcnsity a t  one centimeter from the source. 
Intensities at  othcr distances are found by use 
of the inverse square law. 

In the case of radium, the following relation- 
ship exists: 

8.4m IRa=C/Z 

where I is the dose rate in roentgens per hour a t  a 
dist’ance d cent,imeters from a source of mass m 
milligrams. The half life* of radium being rel- 
atively long (1,600 years), there is little worry 
ahout, changes in source n-eight over periods of 
months. Cobalt 60, on the othcr hand, has a half 
life of 5.3 years, a.nd it, is therefore necessary to  
inrlude the elapsed time t in days from t,he date 
of source calibrat,ion. The radioactive cobalt is 
produced artifically in a, rod of ordinary cobalt 
mot a1 t,hrough neutron irradiation in an atbniic 
pjlp.  A nunibcr of atoms vithin t,he rod will not. 
l)clc*ome radioactive; therefore, the weight of t’he 
stimple is not necessarily indicative of the radio- 
nrtivity. As a result, the source activity A in 
niiIlicurics* * giving a numerical quantity of dis- 

‘ 7 ‘ 1 ~  h;df life of ci mdioisotope is the time required to 1o.c l u l l  of if s actiyity. 
The rul-ir is acncrnlly accci)trd ~ L S  that riuan- 

:it t he  K i t e  of 3.7 Y 1~ disilitwitions iler 
‘Strc niil!icnric (me)  lius it disintcgration r3te of :3.i x 10’ disiiitc- 

loo0 ciirii!. 
111 5 ( i f  whitancc d i i d i  <!I 

x coit<I. 
p:i t iutis  per secund. 
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Figure 39. Gamma calibration. 

Three ionization chamber survey meters are calibrated against a cobalt 60 souree. 

integrations per second a t  the time t must he g' riven. 
Tlie calibration relationships for Cow are: 

An open area usually is markcd off into con- 
centric circles with tlie source of radiation placed 
a t  the center as shown in figure 39. Such an 
arrangement can be used for the rapid calibration 
of large numbers of medium level dose ratc 
instruments. Instruments calibrated a t  extremely 
high levels, such as 100 to 500 roentgens per hour. 
require remote control d ~ v i ~ c s  to  move the  iiistrii- 
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rnent and make adjustments in order to minimize 
personnel exposure. ' 

It should be noted that geometrical considera- 
tions limit the maximum intensity which can be 
obtained from a single source. This closest 
approach of the instrument to the source a t  which 
i t  can be considered that the square law still holds 
ant i  at which the detector is receiving a uniform 
radiation may be taken as equal to 10 times the 
maximum dimension of the detector. 

The gamma calibration of film badges, dosi- 
meters, and other dosage reading is accomplished 
in a manner similar to that explained above for 
iiitcnsitj- meters except that tlie time of exposure 
:it n giveu intensity must be measured carefully. 
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TABLE 111.-Use of various radiac instruments 

Instrument 

Pocket dosimeter- -. - 

Drift meter- _ _ _ _ _  - -. 

Pocket chamber- - - -. 

Thin window cham- 

Chamber survey-_-- 
ber 

Proportional counter. 

Geiger counter- - -. -. 

Scaling circuit--_. - -. 

Count rate meter--_. 

Scintillation counter. 

Film badge- - 

Track plates 

Color crystals and 
liquids, chemicals, 
photo conductive 
crystals, etc. 

Electrets - - - - - - - -. . . 

Purpose 

Individual ex- 
posure 

Rate of ex- 
posure 

Individual ex- 

Rate of ex- 

Rate of ex- 

Disintegration 

Rate of ex- 

C u m u l a t i v e  

Rate of ex- 

Rate of ex- 

Individual ex- 

posure 

posure 

posure 

rate 

posure 

record 

posure 

posure 

posure 

Degree of con- 
tamination 

Individual ex- 
posure 

Individual ex- 
posure 

Radiation 
__ 
tamma 
- 

X 

X 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

One of the reasons for the high beta-gamma 
activity immediately following an atomic bomb 
explosion is the short half-life elements either 
produced as fission products or as the result of 
neutron irradiation. This high activity results in 
the rapid decay and rapid removal of the beta- 
gamma hazard. I n  the case of an air burst, 
depending on height and many other variables, 
the area beneath the blast may be safe from an 
emergency military beta-gamma standpoint, with- 
in less than an hour after the burst. This is not 
the case if alpha emitters remain after a bomb 
explosion. These will not show high initial 
activity and will not decay immediately to a point 
of no concern but may rrmain for years to plague 
occupants of a contaminated area. Being alpha 

USe 

Field or laboratory- - _ _  . 

Secondary standard in 
conjunction with labo- 
ratory. 

Field or laboratory- - - - - 

In conjunction with lab- 

Field or laboratory- - - -. 

In conjunction with lab- 

Field or laboratory- - -. . 

oratory. 

oratory. 

Field or laboratory- - - - - 

Remarks 

High cost compared t o  pocket 
chamber. Requires sepa- 
rate charger. 

Requires a separate charger- 

Many problems involved with 

Use for high dose rate radi- 

Many problems involved with 

Limited t o  detection and low 

reader. 

thin windows. 

ation measurement. 

thin aindows. 

dose rate. 

Teriffic problems involved with 
development in any quan- 
tity. Gives a permanent 
record. 

and not actire in enormous quantities, they may 
be overlooked because of the difficulty of detec- 
tion, and perhaps through their introduction into 
foods, water, ventilating systems, etc., may pre- 
sent a definite hazard to a long term military 
organization. 

To give indications of possible military usage, 
instruments will be discussed in conjunction with 
each type of radiation. 

14.02 The Alpha Particle 

Because of the very short range and penetrating 
power, alpha particlcs are very difficult to meas- 
me. A 5 AIev alpha particle has a range of only 
3.5  crntinietcrs in air: therefore, the maximum 
distance a detector with an air windon can be 
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Figure 41. Helicopter g rour~d  monitor. 

The Geiger counter is used for an air check of ground gamma contamination. 

The portahle Griger-hluellcr detector \ r i l l  I ) ( ,  :I prinlary iristrumellt for use iri equip- 
ment dccoiitanlinatior1. 

1 2 b 3 4 4 b  



Chapter 15 

k DESCRIPTION OF ACTUAL INSTRUMENTS 
15.01 The Field in General 

It is desired to  give a detailed description of the 
physical properties of commercial and military 
instruments which are making their way through- 
out the Defense Establishment. In  addition, 
some instruments which are perhaps obsolete or of 

E no military value have been so widely discussed 
that they will be included to show their relation ‘ to other such equipments. Laboratory instru- 1 ments are not discussed and personnel interested 

, in these equipments are invited to examine Refer- 
: ence (10). For security reasons, a good number of 

instruments which were developed under the 
Manhattan District had code names. Also, some 
commercial model numbers have come into use. 
An effort is made here to correlate these names 

15.09 

I 

Pocket Dosimeters and Pocket Chambers 

and numbers with the types of instruments we 
have been discussing. 

The writer may not be familiar with all instru- 
ments which have been produced and are being 
produced; therefore, inchision or omission of a 
specific manufacturer’s equipment is not necessar- 
ily to be construed as either condemnation or praise. 
Indications will be made as to whether an instru- 
ment is obsolete, etc. The following code will be 
used: “0”-obsolete; “i”-in present military 
use; “f“-anticipated for future military use. A 
tabulation of instruments of interest is given in 
Appendix I. 

The great majority of the instruments described 
herein are unclassified. Usually there will be no 
classification on any instruments issued for gen- 
eral use. 

P0ckt.t chambers 

Gamma. 
100 mr, 200 mr, 100 r, 
Ionization chamber. 
5 cc (less with high range). 
Separate reader. 

1 oz. 
Size of fountain pen. 
>$-?$ in. diameter 43/2-5>/2 in. long. 

A. Pocket Dosimeters 

Manufacturer 

A. 0. Beckman Company c f )  

Cambridge Instrument Corn 

Kelley-Koett - Manufactur- 
PanY (4. 

ing Company (i). 

Landsverk (0) _ _ _  _ _ _ _ _ _ _ _ _  

JBN Number 

IM-S/PD (Set AN/ 
PDR-3). 

IR.I-9( )/PD (Set 
AK/PDIt-3( )). 

Mf:. model Nunihrr AEC Surnher 

__.______________. PIC-10.1 _ - - -  

BXI 17400 _ _ _ _ _ _ _ _ _  PIC-9.1 _ _ _ _ _  

K-100 _ _ _ _ _ _ _ _ _ _ _ _  PIC-7.1 _ _ _ _ _  

K-109 _ _ _ _ _ _ _ _ _ _ _  ~ PIC-7Al_-.. 
K-110 _________--. PIC-7A2 _.-. 

I G l  11 - - _ _  -. . . - - - - 
K-150 (0), 151 (i)-- PIC-7U 
K-160 ( 0 ) ,  161 (i)-- PIC-7C- _ - -  

K-170 ( 0 ) ,  171 _.__. PIC-7D _ _ _ _ _  
L 2 0 0  _ _ _ _ _ _ _ _ _ _ _ _ _  PIG7A 

PIC-7A3-. - - .  

‘A number of 100 mr dosimeters have been manufactured for use within htomic Energy Commission laboratories. 

871 74 8”-50--0 
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L 

Full scale reading. Distinguishing 
color 

Silver. 
Black. 
Grey. 

Black. 

Black. 
Black. 
Black. 
Blue. 
Red. 
Purple. 
Silver. 
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1 Military Portable Geiger-Mueller Detectors 

mber- _ _ _ _ _  a. AN/PDR-8 (f) ___.____ AN/PDR-15 (j) __..__ AN/PDR-27 (23 _ _ _ _ _ _  ANIPDR-T-2 (i). 
b. AN/PDR-8A (f) 
c. AN/PDR-8B (f) 
d. AN/PDR-8C (f) 

b. R. C. A. PR-2). 
c .  Hoffman 
d. Admiral 

\ 

cturer _ _ _ _ _ _  a. Hoffman _ _ _ _ _ _ _ _ _ _ _ _ _ _  _-_______._____ ~ . ~ _ _  General Electric _ _ _ _ _ _  El-Tronics (mc 

oh-. ~ -. Beta-gamma. - -. - - Beta-gamma.. - .  . . . ~ - Beta-gamma-- - - -. - - - Beta-gamma. 
nges(mr/hr)_ a. Calibrated in r/24 hr. b, 0-0.5, 0-5.0, 0-50, 0- 0-0.5, 0-5.0, 0-50, 0- 0-0.5, 0-5.0, 

c, d. 0-0.5, 0-5.0, 0-50, 500 (beta indicat.ion 500 (beta indication 0-50. 
0-500 (beta indication on first two scales). on first t,wo scales). 
on first two scales). 

e n d  window (f i rs t  t w o  end window (first two end window (first two 21. 
scales). BS-2, low sensi- scales). R S 2 ,  low sen- scales). BS-2, low sen- 
tivitg halogen tube (3rd sitivity halogen tube sit,irity halogen tube 
and 4th scale). 

r-..-- - - - BS-1; halogen-filled mica BS-1; halogen-filled mica RS-1; halogen-filled mica RCL MK-1 MdI 

(3rd and 4th scale). (3rd and 4th scale). 

a window (mg/ 3-4- -___-  _ _ _ ~  ____.__ 3-4.-. ~ . ~ . ~ _ ~ _  .~ .  3-4_. ... . _._._ ~ .____ 30. 

Idow area (in.Z)-- 0.44- _______. ~ ._______._ 0.44- -. . - ._._. ~ .~ ~ 0.44_. -. __._________ 8 openings $$ in. x 

jCator---- .-----  Meter plus headphows.___ M e t e r  p l u s  h e a d -  M e t e r  p l u s  h e a d -  Meter plus head- ,. 

,~ m’) . 
13i~ in. ~ 

phones. phones. phones. P 
pbe dimensions-__ 
Ybngth of p r o b e  6Oin ___. ~ ~ ._._._.. ~- 6 0 i n _ - _ - ~ . - - - -  ~ . -  FOin-..- ._._________ 3 6 i k  I 

‘.cable. 
form factor-. - ~ - ~ Kidney-shape- ~ - -. . . Rectangular “flat iron”_ Rectangular. - - - - - - Rectangular. 

8 x 136 x 196 in ...- .... _... 73/4 x 156 x in. dia- ~. . 8 x 1% x 136 in _ _ _ _ _ _ _  836 x H in. dia. I 

jimensioiis (length x 10 x 6% x 7 ___.._________ llji x 4j6 x 3% ~ . ._ 9K x 5!46 ~ ‘ 4 5 5  _ _ _ _ _ _ _  10 x 6 x 7. I 

vidth x height in 
nchcs). 

b. 11.5 
c. 12.8 
d. 11.5 1 

t;. 
Supply- ~ - ~- - a. Electronic vibrator-_ ~ ~ . Electronic lribrator ~ _ .  R’eon oscillator (plug 3-300 17 batteries. 

b. Vi brator (si1 h-mil iiatii re 
tubes). 

c. Neon oscillator 

in  electronic unit). r, 
8 

t .  

i d. Vibrat.or (sub-miniatllre 
d . .  tubcs). 
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Appendix I 

A-N NOMENCLATURE LIST 

The following table lists A-N numbers for equipments now in  field use or anticipated for use in the 
near future. It should be noted that this is far from a complete listing. 

Nomenclature 

AN/PDR-3: 
IM-S/PD- _ _  _ _  
IM-SA/PD_--. 
PP-31 lA/PD- - 
PP-354BiPD- - 

AN/PDR-4: 
DT-lG/PD--_- 
DT-lGA/PD_ - 

PP-316/PD- - - 
AN/PDR-5: 

ANIPDR-7: 
(IM-1A/PD) - - 

(IN-S( )/PD) 

Instrument 

Airborne gamma dose 

Airborne dosimeter. 
Ion chamber group dosi- 

rate. 

meter. 

Pocket dosimeter_- ~ - ~. ~ 

Poc.ket dosimeter__ - - -. . 
Charger. ~. ~. ~ ~. - ~. . . ~. 

Charger- - ~ -. ~ ~. - -. . ~ ~ ~ 

Pocket chamber-. -. . . -~ 

Pocket chamber- -. . . . - - 

Charger-reader- - - -. - - -. 

Portable G-R.Z detector- - 

Portable G-M detector-. 

Portable G-M detector.. 
Kidney shaped G-&I - ~ ~. 

Portable G-M detector.- 
Portable G-PI1 detector.. 
Beta-gainma ion cham. 

Portable alpha propor 

AI  p h a  s c i  n t i 11 a t  i 01, 

Portable G-AI detector-- 
G ariiina sci n t i  11 at  i o 11 

Bct,a-ganima descrimi. 

her. 

tional counter. 

coiintcr. 

cou liter 

nat i 11 g e ti amber. 

Pocket c h a m t m -  - - - - -. 
Charger-reac!er__ ~ . ~ - - 
Portable G-M detector- 
Portable G-hI detector- 
Ion chamber 5urvey- - _ _  SIC-18A 
Portal)le G-ill detector- 
Haiid and foot monitor___ CGAI-17B 
IIaiicl nncl foot iiioiiitor--.l CGRI-T4.L 

*The AN/PDR-27 was once known as the AX/I’I’K4E. 

1 2 b 3 4 l b  

- 

Manufarturer 

Kelley Xoett _ _ _ _ _  ~ _._. 

Iielley Koett ___.. - ~ - ~. 

Iielley Iioett _ _ _ _ _  -. - - - 

Iielley Koett _.___. ~. ~. 

Victoreen ____. -. -. . . ~ ~ 

Nuclear Instrument and 

Victoreen - - - - . - - - . - - . . 
Chemical Co. 

Nuclear Instrument and 

Hoffrnaii. - - - ~ ~. ~ ~ ~. - ~ 

Radio Corporation of 

Hoffman. - __~__ .~ .  ~. ~ 

Admiral- _ ~ . ~ .  ._ .~ -~ 

A r g o n  n e  ?i a t  i o n a 1 

General Electric__ ~. ~. ~ 

Chemical Co. 

America. 

Laboratory. 

Itadio Corp. of America 

General Electric-_-- 

IC-700. . 

K-425.- - 

K-350 _ _ _  - 1  
PR-2. I 
IC-240- _. 

EPvl,1-2B-- 

8M3- - - - - 
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Inst rumen t AEC No. Manufacturer Modcl. name 
- ___ ~ ___.. 

Gamma telemetenug- - ~. . - ~. . . ~ ~ ~ ~ ~ ~. ~- -. . . -. . . . . 
Ion chamber survey-. _ _ _  SIC-SB-.-.- Victoreen ____.________. 24712 . 

Alpha-beta-gamnia ion SIC-2A- . . . . Victoreen _ _ _ _  - - - - - - 356- -. -. . 

Beta-gamma ion chamber. SIC-7A_. . ~. Sylvania.. - - _ _ _  - - _ _ _  - _ _  RD-316__. 
SIC-7B- -. . . Tracer Lab. _ _ _  - _ _  _ _  ._ - STJ-lA-. ~ ~ 

Drift meter-. -. - ~ .  - ~ - .  . . SIC-SA- . . ~ ~ Kelley Koett ______. - -. . K-320- -. 

Port.able G-M detector- ~ ~ SGM-15.1. ~ ~ Sational Technical Lab- MX-5- 

Ion chamber survey- - - - - SIC-15A. . ~ ~ Sational Technical'Lab- MX-6- 

Pocket dosimeter__- ~. ~. ~ PIC-108- ~ -. A. 0. Beckrnan Co- - -. - -. ~ ~ ~. ~. ~ ~. 

Pocket dosimet,er_- ~ ~. ~. PIC-9.k Cambridge Instriirnent BM 17400 

Dosimeter charger___. . _ _  ~ ~ Chatham Electronics- - - ~ ~ ~. . . -. ~ ~ 

Dosiiriet,cr cliargcr- ~ ~ ~ ~ ~ A T ' 7 A  ~ ~ , 

~. ~. . . . - ~ ~. . - - - _ _  

chamber. 

oratories. 

oratories. 

co . 
~. . ~ ~ ~ ~ 

~ Cain1)ridge In~trunient  -. . . ~ ~. . . ' co .  

3 
Zeuto. 

Cutie pie. 
Cutie pie. 1 

i 
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APPENDIX I I  

GLOSSARY OF TERMS CONCERNED WITH RADIAC INSTRUMENTS 

Avalanche- - - - The action within proportional and 
Geiger counters in which one ion 
(electron) produces another ion 
by collision, these two ions (elec- 
trons) producing still further 
ionization. 

Background--- The ' background count is that 
which is caused by any agency 
whatever other than the radia- 
tion which it is desired to detect. 
For health prot,ection, it usually 
includes the radiations produced 
by naturally occurring radio- 
activity and cosmic rays. 

Calibration--- The process of checking and ad- 
' justing instrument operation 

against known sources of radio- 
activity. 

Chamber- - - - - A container in which ionization is 
allowed to take place and in 
which all the original ions arc 
collected-otherwise known as 
a n  ion chamber. 

Count-------- A terminated discharge produced 
by an ionizing event in a counter 
tube. 

Counter-- - _ _ _  A device, such as a proportional 
counter or a Geiger-Mueller 
counter, which responds to or 
counts individual ionizing 
events. 

Count rate The instrument used to indicate 
the rate of counts indicated by a 
counting chamber or a propor- 
tional or Geiger counter. It 
may be used with hot11 portable 
and laboratory equipment. 

Curie-------- The curie is a standard measure of 
the rate of radioactive decay 
equal to 3.7 s 10" disintegra- 
tions per second. 

meter. 

Dead time.. - - - The time interval between individ- 
ual counts in which a counter is 
insensitive. 

Densitometer- - Electronic-Optical device used to 

Dosimeter-- - 

Electrometer 
tube. 

determinethe density (blacken- 
ing) of film badges. 

An individual dosage indicating 
device-more specifically, a 
direct reading quartz fibre elec- 
troscope sensitive to gamma 
radiation and about the size of a. 
fountain pen. Otherwise known 
as a pocket dosimeter, a pocket 
electroscope, or a quartz fibre 
dosimeter. 

A specially constructed vacuum 
tube used for the amplification 
of minute currents such as those 
obtained from ionization 
chambers. 

Film badge---- A small packet containing photo- 
graphic film which is used to 
obtain individual radiation dos- 
age readings. Readings are 
primarily of gamma radiation. 

(Teiger counter - A low dose rate, high sensitivity 
detector of beta and gamma 
radiations. It may be either a 
light-weight portable detector or 
a laboratory instrument. Also 
known as a Geiger-hlueller 
counter. 

Geiger region- - The part of the characteristic 
curve of pulse size as a function 
of voltage in which the size of 
the pulse is independent of the 
magnitude and type of radiation 
producing the initial ionizing 
event. 

Half l;;fe------ The time required for the disinte- 
gration of a radio-isotope to 
one-half of it,s initial rate of 
activity. 
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Ionization- - - - 

I o n i z a t i o n  
c h a m b e r  
s u r v e y  
meter. 

Photographic 
dosimetry. 

Pocket cham- 
ber. 

Proportional 
coun,ter. 

Proportional 
region,. 

Quenching- - - - 

R e c o m b i n a -  
tion. 

The process by which a neutral 
atom or molecule loses an elec- 
tron with the remaining ion 
becoming positively charged and 
the electron and positive ion 
forming an ion  pair. 

A high dose rate, low sensitivity 
instrument for the measure- 
ment of gamma radiation- 
also known as a gamma survey 
meter or an ion chamber. 

The entire operation required to 
obtain individual dosage records 
by the use of film badges. This 
includes calibration, film devel- 
opment, densitometry, etc. 

The roughly horizontal part of the 
counting rate as n function of 
voltagc curve in which there is 
very littlc change in count rate 
with change in voltage. 

A non-self-reading individual gam- 
ma dosage indicating device 
about the size of a fountain pen. 

An instrument which counts alpha 
particles and descriminates 
against counts produc~d by beta 
and gamma radiations. It mag 
be either a portable or a labora- 
tory instrument. 

The portion of the characteristic 
curvo of pulse size as a function 
of voltage in which the size of 
the pulse is proportional to the 
number of ions formed by thci 
initial ionizing event. 

The process of extinguishing the> 
action within a Geiger countvr 
tuhc. External quenching uti- 
lizes an electronic circuit. A 
self-quench is produced by ac- 
tion within the counter tube. 

The process of union between 
electrons and positive ions to 
fo im neutral atoms or mol(,- 

cules-the opposite of ioniza- 
tion. 

Recovery time- The time interval after recording 
a count before the pulses pro- 

Region of con- 
t i n o u s  dis- 
charge. 

Region o f  lim- 
i t e d propor- 
tionability. 

Roentgen- - - - 

Threshold- - - - 

- 1  duced by the next ionizing event, 
in the counter are of substan- 
tially full size. 

The part of the characteristic 
curve of pulse size as a funct,ion 
of voltage in voltages higher 
than those of the Geiger region. 
In  this regign the tube goes into 
a state of continuous discharge. 

The part of the characteristic 
curve of pulse size as a function 
of voltage in which the gas 
amplification depends both up- 
on the numbers of ions produced 
in the initial event and upon the 
voltage (very little use). 

For military purposes, this is a 
unit of dosage for the measure- 
ment of gamma radiation. This 
is the quantity of radiation 
which, under standard condi- 
tions, produces 2.08 x log ion 
pairs per cc of air. 

A laboratory electronic device 
used to record the number of 
pulses from R counter. An elec- 
tronic circuit capable of divid- 
ing the incoming pulse rate by a 
constant factor so that mechani- 
cal methods of recording the 
pulse may be used. 

In the Geiger counter character- 
istic curve there are two thresh- 
olds: (a) The voltage below 
which no pulses are recorded is 
the characteristic curve thresh- 
old, and (b) the voltage a t  
which the plateau starts is 
known as the threshold of the 
Geiger region. 

1 
1 
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